The performance of structures is of fundamental importance within the structural design, however, the structure response when subjected to loading is a function of several variables. Structures are designed to meet ruin safety criteria and meet service conditions so that unacceptable damage to nonstructural elements does not occur and to ensure the effective part durability. The contribution of computational systems assists the analysis process, especially in the study of complex structural systems. Thus, this paper aims to apply concepts of continuum mechanics through four one-dimensional strain measurements on a bar requested by an axial tensile load and to verify their behavior in the face of increased load. Cauchy's, Green's, Logarithmic and Almansi's strains were studied. It is concluded that, for small load increments, the difference between the numerical results obtained by the Ftool program and those obtained here were considerably close. However, with the consequent increase in loading, there was a large variation in the response of the bar regarding the displacement for the strain measurements. The displacements in the bar were obtained with the finite element positional method.
Introduction
The use of deformable and elastic structural elements has been increasingly widespread, such as natural or vulcanized filled polymers. These materials contribute to reduced vibration, shock absorption and increased flexibility in connections.
One of the important characteristics of the materials is their ability to resist or transmit stresses. Their response under stress is closely related to the property of the material to deform elastically or plastically. A material exhibits elastic behavior when subjected to mechanical stress, it exhibits non-permanent deformations. When removing such stresses, the material returns to its original dimensions. The plastic behavior is observed when the same material is subjected to higher stresses and its dimensions are permanently changed, and once the efforts stop, the material does not return to its original dimensions (YAW, 2017; MELO, 2015) .
The appearance of permanent deformations in the idealized medium corresponds to the process of disagreement movement in the crystalline structure of the materials. The mechanical response of materials to deformation occurs in part immediately and over time. The second has a higher or lower intensity according to the characteristics of the request and the medium itself.
In structural design, a correct assessment of the structure behavior is extremely important, and its response to a given load is a function of several random variables that affect its performance. When a system is subjected to extreme loading, it can undergo large displacements and deformations, and such behavior generally leads to partial or total collapse of the structure (WRIGGERS, 2008) .
Structures are designed to meet ruin safety criteria and meet service conditions so that there is not unacceptable damage to non-structural elements under loading action. In addition, the degree of cracking must be within the acceptable range on the flexed parts so as not to affect the structure durability. According to Kimura (2007) , when a serviceability limit state (SLS) and/or an ultimate limit state (ULS) is reached, the building use is unfeasible.
In the stability/instability analysis of structures, it is important, during the solution process, taking into account load and displacement limit points crossing in the equilibrium path (SANTANA, 2015) . Computational methods are of great help in the process of modeling, analyzing and verifying the results, especially of structures with complex nonlinear behavior.
Several authors have sought analytical solutions of static equilibrium differential equations for mechanical problems involving small or large deformations. Timoshenko and Goodier (1951) described the static equilibrium equations, the geometric compatibility and the constitutive law for elastic and isotropic materials, subjected to small displacements and deformations. These authors presented analytical solutions for cases with simplified loading and geometry.
Schieck, Pietraszkiewicz and Stumpf (1992) showed the exact solution for highly deformable, elastic, circular plates with uniformly distributed transverse loading and embedded.
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One-dimensional strain measurements
The deformation of a bar is characterized by an offset u in the bar, as shown in Figure 1 . L 0 is the initial length (before deformation) of the bar and L is its length after deformation, such that u = L − L 0 (MENIN, 2006; LACERDA, 2014) . Source: Lacerda (2014).
Deformation is described in two senses: deformation and strain. In the sense of deformation as Ogden (1997), it is a body transformation from a reference configuration to the current configuration. Such a concept does not differ a simple rigid body movement from a change in body shape.
Strain refers to a normalized dimensionless measure of the displacement between the material points of the body with respect to a reference configuration. Figure 2 illustrates such concepts. Both scenarios are considered deformation, i.e. configuration change. However, any strain measurement should be null for the first situation and nonzero for the second (LACERDA, 2014) . Several strain measurements may be appropriate for linear and nonlinear analysis.
Engineering's strain
Engineering's or Cauchy's strain (ε e ) is the simplest strain measurement, expressed by the following equation (MENIN, 2006; LACERDA, 2014) :
where L is the deformed length and L 0 is the initial or undeformed length.
Engineering's strain measures the deformation even though the bar has rotated greatly in the direction of ε e .
Green's strain
Considering engineering's strain, it can be rewritten as follows (MENIN, 2006; LACERDA, 2014 )
As L = u + L 0 = ε e L 0 + L 0 , we have
.
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In case the strain is small, i.e. ε e ≈ 0, ε e can be neglected in equation (3), obtaining the equation
where ε G is called Green's strain. There are many examples of structures with large displacements but with small strains. In these cases, Green's strain is suitable for the analysis of this type of structure.
Logarithmic strain
If the strain is too large, Logarithmic strain is more appropriate, also known as natural strain, true strain or
Hencky's strain. The conceptualization of the theory consists of the sum of all infinitesimal strain increments that occur during the bar elongation, from the initial length L 0 to the final length L. The infinitesimal strain increment is given by (LACERDA, 2014)
This increment integration is the definition of Logarithmic strain (ε L ), according to the equation
Even though Logarithmic strain can be generalized to more than one dimension, such generalization is complex and of high computational cost (BONET; WOOD, 2008).
Almansi's strain
The strain of Almansi (ε A ) is given by (MENIN, 2006;  LACERDA, 2014)
The Almansi's strain design is similar to Green's strain.
However, the difference is that the former refers to the deformed configuration and the latter to the initial configuration.
Positional formulation of finite elements for 2D truss bar
This section is a brief description of the positional formulation for 2D truss bar. The bar element only transmits axial forces and it has constant cross-sectional area A. Coordinates (X 1 , Y 1 ) and (X 2 , Y 2 ) represent the initial configuration of the bar element (also known as reference coordinates). Coordinates (x 1 , y 1 ) and (x 2 , y 2 ) represent the deformed configuration of the bar element. Table 1 describes the internal force vector F el and the stiffness matrix K el for the element of 2D truss bar, obtained for the different strain measurements.
Table 1 -Describes the internal force vector F el and the stiffness matrix K el for the element of 2D truss bar, obtained for the different strain measurements.
Strain measurement
Internal force vector and stiffness matrix
Source: Adapted from Lacerda (2014).
In Table 1 , L 0 and L are the initial (reference) and deformed lengths of the bar element, respectively, E is the elastic modulus and b is the vector given by
where x i and y i , with i = 1, 2, are the coordinates of node i of the bar, and matrix B is determined by
The displacement vector u is given by
where 0 d is the nodal coordinate vector for the starting position of the bar (undeformed).
Methodology for solving structural problem
The basic structural problem is to find the equilibrium configuration of a structure that is under the action of applied forces. The equilibrium conditions of the finite elements representing the structure can be expressed by the following system of equations (BATHE, 2006) 
where g is unbalanced forces vector, P is the vector of nodal external forces and F int is the global nodal internal forces vector corresponding to the finite element stresses -calculated as a function of the nodal coordinate vector d. The solution of the equation system is solved by the Newton-Raphson method with constant load control. The iterative equations are
where K is called of global stiffness matrix and δ d is the sub-increment of the nodal coordinate vector.
For a truss consisting of ne finite elements of bar, the matrix K and vector F int are obtained from the stiffness matrix K el and internal force vector F el of each element, respectively, such that stated (BATHE, 2006)
where A is an assembly operator.
Numerical Results and Discussion
Being the model of an axially loaded bar as shown in Figure 3 , which has one end with pinned-type support and the other with roller-type support, so that it has a single degree of freedom (x-axis displacement direction). The bar has initial length L 0 = 1.0 m, cross-sectional area A = 1.0 x 10 −4 m 2 and elastic modulus E = 10.0 GPa.
The structure is subjected to an axial load P = 100.0 kN assuming that it is applied slowly and in increments (static analysis). Figure 4 shows the equilibrium paths (load P versus horizontal displacement u). Table 2 presents the numerical results obtained for the load increments P, with the respective resulting strain measurements. The results are compared with those found by the Ftool v.4.0 software.
Figure 4 -Equilibrium paths.
Source: The authors.
The displacement found in Ftool served as a reference parameter with the strain measures implemented; Figure   4 shows that for lower intensity loads, which start the paths, the variation of the results is smaller. However, as the load increases, the strain measurements differ from the results found by the Ftool software, except for Engineering's strain, since this program makes use of this strain measurement, and the displacements coincide, as observed in Figure 4 and Table 2 .
For loading up to 10.0 kN, the values found for all strain measurements are close to those obtained by Ftool, with a difference of less than 1.60 % for Green's strain and Logarithmic strain and less than 3.70 % Almansi's strain. Only Green's strain had a negative variation, with values lower than those of Ftool, and the others occurred with positive variation and values higher than those found in this program. Depending on the load increment, Almansi's strain values generate a larger difference compared to the values observed in the reference parameter (Ftool); thus, larger loads provide greater displacements, and the strain measure tends to nonlinearity of the line, a situation that can be observed in the equilibrium path in Figure 4 .
Conclusion
The results demonstrated the response of the bar requested to an axial tensile load as a function of the strain measures, whose material behavior is elastic-linear. The displacements obtained by Ftool were used as a reference parameter.
The strain measurements varied according to the load increase, and considering the characteristics of the numerical example, we concluded that for small load increments the measurements obtained results close to the Ftool, with little difference between the numerical values. However, the increase in loading generates a considerable difference depending on the amount of strain applied.
Logarithmic and Almansi's strain reached the largest variations when the maximum load was imposed, and for this study situation, such measures showed a relevant difference. In the case of Almansi's strain, we found the highest value inequality. Cauchy's or Engineering's strain resulted in exactly the same values to those obtained by Ftool.
Green's strain, compared to Logarithmic and Almansi's measurements, showed values closer to Ftool, even with increased loading.
The mechanical behavior of a given material is difficult to predict, requiring a more refined analysis, such as the consideration of physical and geometric nonlinearities, which brings results closer to experimental tests, in addition to the appropriate choice of strain measurement. 
